The effects of thermal fluctuations on the convective instability are considered. It is shown that the Langevin equations for hydrodynamic fluctuations are equivalent, near the instability, to a model for the crystallization of a fluid in equilibrium. Unlike the usual models, however, the free energy of the present system does not possess terms cubic in the order parameter, and therefore the system undergoes a second-order transition in mean-field theory. The efFects of fluctuations on such a model were recently discussed by Brazovskii, who found a first-order transition in three dimensions. A similar argument also leads to a discontinuous transition for the convective model, which behaves two dimensionally for suAiciently large lateral dimensions. The magnitude of the jump is unobservably small, however, because of the weakness of the thermal fluctuations being considered. The relation of the present analysis to the work of Graham and Pleiner is discussed.
I. INTRODUCTION
There has been recent interest' in the effects of thermal fluctuations on a, fluid near the RayleighBenard instability. ' Zaitsev and Shliomis calculated the velocity-correlation function using a linear theory which corresponds to mean-field theory in a phase transition at equilibrium. They found a sharp continuous transition to the convective state, with a diverging "static susceptibility" and critical slowing down of the characteristic frequency. They also calculated exponents describing the correlation length, etc. , which are typical mean-f ield exponents.
One may then pose the following question: How does the nonlinear coupling of fluctuations change the above mean-field result? Does it leave the transition sharp and continuous, but with different values of the exponents? Alternatively, will the transition become sharp but discontinuous, or will the sharp transition be smeared out?
In an early work, Graham4 has attacked the above problem in a case where the plates between which the fluid is confined are of finite lateral dimension.
Graham found that fluctuations smear out the sharp mean-field transition, as in a "zero-dimensional" problem" with only a. finite number of modes, e.g. , a laser. The region over which this smearing effect is apparent is extremely narrow, however, because of the smallness of the thermal energy compared to the typical energy of a convective cell. Thus the exact behavior of the fluctuating system is unlikely to be observed ex- ('I) (s, , (x, t) 
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where go is a numerical constant.
The Bernard system near R, has thus been rereflects the smallness of the fluctuation effects.
The system defined by Eqs. (14) and (18) (23), but also the choice of a, vector q= q, out of the infinite set of equivalent order parameters tc»(q) with~q~=q, .
We shall refer to the usual case as a "discrete" condensation, and to the system (21) as a "'continuous" condensation. In some sense the system (21) Fig. 1(a) The linearized versions of Eqs. (6) and (7) for u" the z component of the velocity, and 8 are x e"" '~" "8(q, (o) Moreover, the contribution from higher-order terms [for example, the one represented in Fig.   1(d) ] will in general not be negligible sufficiently far below v=0 (R&R,) . In the range A. ' '«(I, qo) ' «X' ' we have argued that these terms are neg- For R near R, = 657.5 and~q~near qo (qo =p', /2), Lo has sl ow and fast eigenvalues, (d, and o)"respectively, given in Eqs. (11) and (12) where po=p', +qo. Then, by use of (A2) and (6)-(10), a,nd
we find that C (q, 0)) is given by Eq. (13}of the text.
where 4 is a four-component column vector
Nonlinear terms
Write the full nonlinear equations (6) and (I) in a matrix form,
2 04 +V:4 4' = f,
and where o is the matrix operator operating on the second harmonics sin2p~and cos2p, z will not be zero, and the inversion can be performed. We also project 0"' in the nonlinear term in (A15) onto the slow and fast eigenvectors discussed above, and keep only the slow part.
Thus and represents the nonlinearity in which we are expanding. In (All), the summation convention is used and the indices j and k range over the Cartesian components x, y, z.
Let us introduce a factor & in front of the nonlinear term in (A8), do second-order perturbation theory in z, and then set &=1. " A small parameter appears later in the theory as discussed in the text. Equation (AS) becomes
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where g(qq'q") is a complicated function, which may be obtained from (All). We have calculated g explicitly only in the limit of large Prandtl number, where we find
hjq+ q'j =, + 8
Pp Pp (A23) and 8", is the angle between q and q'. Note that the above expression satisfies the condition g(qq'q") «0, but is dependent on the angles between q, q', q".
We take the linear combination of the two equations of (A21), which gives the time derivative of the slow eigenvector of the linear problem, given in Eq. (A6). As mentioned above, we keep only the projections of u, and 6j onto the slow eigenvector. The nonlinear equation for this eigenvector is then . f ' ') . ' (R(qq'4")R(q, r)R(q', r)x(q", r)exp (((q+q'+q") The higher-order terms, given in Fig. 1(d) 
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